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Dear Editor,
Candidemia is an important cause of mortality and mor-
bidity in the hospital setting [1]. Central venous cath-
eters (CVC) can be the primary source of fungemia, as 
a result from external infection of the line. Alternatively, 
secondary CVC infection can occur during bloodstream 
dissemination of Candida from the patient’s intestinal 
flora, especially during prolonged neutropenia or fol-
lowing abdominal surgery. Removing the CVC seems, in 
principle, a logical step, as Candida biofilms are difficult 
to eradicate from a foreign body by the sole use of anti-
fungal drugs [1]. However, the literature supporting CVC 
removal is controversial [2–4]. We hypothesized that 
inconsistent reports among studies may result from the 
inability to measure factors that are inherent to the daily 
clinical practice, but difficult to record, such as the time 
at which blood culture results are obtained (sometimes 
post-mortem) and the clinical context which can rapidly 
evolve from maximal care to care withdrawal.

To test this hypothesis, we analyzed the role of catheter 
removal in the outcome of 444 adult candidemic patients 
with a CVC in place from 27 Swiss hospitals (supplemental 

Table  1), including 158 ICU and 286 non-ICU patients. 
Risk factors associated with crude mortality were assessed 
by univariate analyses (supplemental Table  2) and multi-
variate logistic regression models (Table 1) by using vari-
ables that were significantly associated with the endpoint 
in univariate analyses (cutoff P value =  0.15). We built a 
first model that did not include care withdrawal deci-
sion and post-mortem diagnosis of candidemia as vari-
ables (model  1) and compared it to a second model that 
did (model  2). We also developed a model that excluded 
patients fulfilling these two criteria (model  3). Modified 
logistic regression models according to a method by Firth 
[5] were used to overcome the problem of separation.

Within the whole population, failure to remove 
the CVC was significantly associated with death in 
model 1 (OR = 4.65, 95% confidence interval 2.28–9.48, 
P < 0.001). However, when care withdrawal decision and 
post-mortem diagnosis of candidemia were accounted for 
(models 2 and 3), this association disappeared (P = 0.11). 
The loss of significance from model 1 to the other models 
was observed in both ICU (P < 0.001 versus P = 0.09) and 
non-ICU patients (P = 0.03 versus P = 0.4), respectively. 
The same finding was observed when CVC infection was 
entered as a co-variable within the models (supplemen-
tal Table 3). These data show that failure to remove the 
CVC can be a consequence, rather than a cause, of death 
in candidemic patients. Yet, the ability to detect an asso-
ciation of catheter retention with death in models 2 and 3 
(accounting for care withdrawal decision and post-mor-
tem diagnosis of candidemia) compared to model 1 was 
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reduced, because these models include smaller numbers 
of patients with a retained CVC.

In conclusion, our study points out two clinical charac-
teristics that may be difficult to obtain but can be major 
confounders in the analysis of candidemia outcomes. 
Failure to account for these factors may contribute to 
overestimate the role of catheter removal in the out-
come of candidemia and explain discrepant results in the 
literature.
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